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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant(s): Daltro Garcia Pinatti, et al. 
International Application No.: PCT/BROO/00065 
International Filing Date: June 23 , 2000 

U.S. Serial No. : To Be Assigned Group Art Unit: To Be Assigned 
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For: AN APPARATUS AND PROCESS FOR PRE-HYDROLYSIS OF BIOMASS 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to or concurrent with calculation of the filing fees, please amend this application 
as follows. 

TN THE CLAIMS 

Applicants have attached to this Amendment documents entitled "Amended Claims" and 
"Marked-Up Copy of Previous Claims". Please replace claims 7, 8, 9, 10, 12, 13, 14, 17, 18 and 
19 with amended claims 7, 8, 9, 10, 12, 13, 14, 17, 18 and 19 as shown in the document entitled 
"Amended Claims". 
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REMARKS 

Entry and consideration of this Preliminary Amendment is respectfully requested prior to 
or concurrent with calculation of the filing fees. This Preliminary Amendment is being filed to 
remove the multiple dependent claim to avoid the surcharge. 

Examination on the merits is awaited. 

Respectfully submitted, 

SMITH, GAMBRELL & RUSSELL, LLP 



By: 

Dennis C. Rodgers, Reg. No. 32,936 
1850 M Street, N.W., Suite 800 
Washington, D.C. 20036 
Telephone: (202) 659-2811 
Fax: (202)263-4329 
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7. An apparatus according to [any one of claims 1 - 6] claim 1 , characterized in that the external 
coating (1) and the internal coating (2) are made of corrosion resistant material. 

8. An apparatus according to [any one of claims 1, 6 or 7] claim 1 , characterized in that its 
external coating (1) and internal coating (2) are made of microbonded carbon steel and refractory 
material, respectively. 

9. An apparatus according to [any one of claims 1, 6, 7 or 8] claim L characterized in that the 
external coating (1) and the internal coating (2) are mounted by simple juxtaposition, free from 
welding. 

10. An apparatus according to [any one of claims 1 - 9] claim 1 , characterized by comprising 
devices for detecting and monitoring the vacuum between the external coating (1) and the 
internal coating (2). 

12. An apparatus according to [any one of claims 10 or 1 1] claim 10 , characterized in that the 
detection of microcracks is made in a continuous way. 

13. An apparatus according to [any one of claims 10-12] claim 10 , characterized in that helium 
gas is introduced into the reactor for detection of microcracks in the internal coating. 

14. An apparatus according to [any one of claims 7-10] claim 7 , characterized in that the 
microleakage detectors are coupled to the vacuum pump (15). 

17. A process according to [claims 15 or 16] claim 15, characterized in that the purging of steam 
from the pre-hydrolysis device maintains the temperature around 150° C - 170° C. 

18. A process according to [any one of claims 15, 16, or 17] claim 15 , characterized in that the 
purging of steam from the pre-hydrolysis device maintains the temperature preferably around 
106° C. 



K 
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19. A process according to [any one of claims 15-18] claim 15 , characterized in that the pre- 
hydrolysis is effected during about 30 minutes simultaneously with oscillation and purging of 
steam. 
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7. An apparatus according to claim 1, characterized in that the external coating (1) and the 
internal coating (2) are made of corrosion resistant material. 

8. An apparatus according to claim 1, characterized in that its extemal coating (1) and intemal 
coating (2) are made of microbonded carbon steel and refractory material, respectively. 

9. An apparatus according to claim 1, characterized in that the extemal coating (1) and the 
intemal coating (2) are mounted by simple juxtaposition, free from welding. 

10. An apparatus according to claim 1, characterized by comprising devices for detecting and 
monitoring the vacuum between the extemal coating (1) and the intemal coating (2). 

12. An apparatus according to claim 10, characterized in that the detection of microcracks is 
made in a continuous way. 

13. An apparatus according to claim 10, characterized in that helium gas is introduced into the 
reactor for detection of microcracks in the intemal coating. 

14. An apparatus according to claim 7, characterized in that the microleakage detectors are 
coupled to the vacuum pump (15). 

17. A process according to claim 15, characterized in that the purging of steam from the pre- 
hydrolysis device maintains the temperature around 150° C - 170° C. 

18. A process according to claim 15, characterized in that the purging of steam from the pre- 
hydrolysis device maintains the temperature preferably around 106° C. 

19. A process according to claim 15, characterized in that the pre-hydro lysis is effected during 
about 30 minutes simultaneously with oscillation and purging of steam. 
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Title: "AN APPARATUS AND PROCESS FOR PRE-HYDROLYSIS OF BIOMASS" 



Field of the Invention 

This invention relates to an apparatus, specifically a reactor, and to a process for 
pre-hydrolysis of any kind of biomass (wood, bagasse, straw, grass, vegetable residues, or- 
ganic garbage, etc.) to obtain commercial products, such as cellulignin and sugar solutions, 
pre-hydrolysate layers, containing xylose, glucose, mamose. galactose, arabinose. acethyl- 
ics. uranic acids, etc. This invention further enables one to manufacture reactors for the di- 
gestion of minerals, such as ilmenite. anatasie, columbite, pyrochlore, zirkonite. etc. 

Description of the prior art 

Chemical reactors are devices that are defined by a variety of processes for 
transforming materials, such as chemical, metallurgical, thermal, biotechnological, pharma- 
ceutical materials, etc. Reactors are classified by three criteria: 

a) classification according to vessels and flows: 1st) batch reactor; 2nd) semi- 
continuous reactor; 3rd) tank reactor with continuous mixer - RTMC; 4th) RTMC in series; 
5th) tubular reactor; and 6th) recycling reactor. 

b) classification according to the existing phases: 1st) reactors for gaseous 
phases; 2nd) reactors for liquid phases; 3rd) reactors for liquid and gaseous phases; 4th) 
reactors with solid catalysts; 5th) non-catalytic reactors involving solids (gas-solid, liquid- 
solid, and reactions of gaseous phases; 6th) reactors for electrochemical processes; 7th) 
reactors for biological processes; 8th) reactors for photochemical and radiochemical proc- 
esses. The non-catalytic gas-solid and liquid-solid reactors with which, by way of example, 
the reactor of this invention should be compared, are listed below. 
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b.1) non-catalytic gas-solid reactor: retort (tower-type reactor), movable bed re- 
actor, multiple bed reactor, rotary oven reactor, fluid bed reactor, recirculating flow reactor, 
dust calciner (dust spray). 

b.2) non-catalytic liquid-solid reactors: tank with a mixer (batch, semi-continuous, 
cascade - percentage of solids limited by the power of the mixer), tank with recirculation of 
liquids, rotary drum, fluid bed, kneading machine, immersion-press type reactor, helical con- 
veyor, cradle-type reactor, rotary oven reactor. 

c) Classification according to the movement condition of the solids presented in 
Table 1 . The reactor of this invention tends towards the characteristics of a fluid bed. albeit 
movable, with the following values: reaction device (tank), movement of the solids (gravita- 
tional), gas/liquid-solid flow (counter current), particle diameter (mm to cm), time of retention 
of the solids (minutes), time of retention of the gas (seconds), rate of heat and mass transfer 
(high), temperature control (good), yield in terms of volume and time (high). 

Other important characteristics of reactors are the materials used to manufacture 
them. Table 2 gives the basic materials with their respective advantages and disadvantages 
for high corrosion conditions. The structural materials and those resistant to corrosion, even 
when used in making reactors, each presents a single disadvantage, which this invention 
eliminates by making the reactor with a shell and structure made of carbon steel and a coat- 
ing of special materials (refractory, superalloys, stainless steel and plastics, etc.). 

Specifically, the main biomass reactors are of the following types: screw (low 
volume occupation percentage), tower (high US - liquid-solid ratio, tank/percolation (high US 
ratio and plug flow (high US ratio). All the types of reactor have complex biomass feed and 
discharge systems. This invention compacts biomass in the reactor (high rate of volume oc- 
cupation of the reactor), processes the biomass with low L/S ratio = 2, provides feed with a 
simple helical feeder and immediate discharge due to the fact that the reactor has a large 
cover and can be divided into small-size and medium-size reactors. 

One disadvantage of the reactors of the prior art is that they are subject to im- 
plosion due to the fact that their construction does not permit a perfect juxtaposition between 
the shell and the coating, and there is a vacuum inside the reactor, caused, in most cases, by 
steam condensation. This invention prevents implosion through the vacuum maintained be- 
tween the coating and the shell, so as to allow them to be properly juxtaposed. 
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Another disadvantage of the conventional reactors is the impossibility of con- 
tinuously and precisely detecting microleakage in the coating. This invention permits the pre- 
cise detection of microleakage before the occurrence of leakage of corrosive liquids into the 
steel shell of the reactor. This allows the reactor to be further used, even with microfailures. 
by adequately programming it for use. 

The reactors used in high-corrosion applications do not utilize carbon steel in 
the shell and tend to be made of expensive monolithic materials. By enabling the identifica- 
tion of microleakages, this invention detects the conditions for accelerated corrosion of the 
microbonded carbon steel, and this detection facilitates the use thereof, which brings about a 
significant reduction in the costs of manufacturing the reactor. 

The reactors of the prior art are built from thick materials, in order to achieve 
greater resistance to corrosion. Therefore, sometimes the thickness of the metal in the con- 
struction of the reactors has a direct relationship with the safety, and the utilization of very 
thick plates makes their transportation to areas where there is raw material for their use im- 
possible. The reactor of this invention provides perfect control for detection of failures and 
allows lighter materials to be used, which reduces the total weight of the reactor and conse- 
quently facilitates its transportation. 

US Pat. 5,338.366 refers to a method and apparatus for pre-hydrolysis of bio- 
mass that, among other features that are different from this invention, is very heavy and so 
remains in a stationary position, which requires raw biomass to be transported to it. In addi- 
tion, the pre-hydrolysis of biomass is made in various pieces of equipment, which increases 
the consumption of energy for carrying it out and renders the production process expensive. 
This invention, in addition to eliminating these drawbacks, facilitates a high concentration of 
sugar in the pre-hydrolysate, thus reducing the costs of the following processes, and enables 
one to use deionized water due to the low liquid/solid ratio for the production of clean catalytic 
cellulignin fuel for use in gas turbines. 

US Pat. 5,411,594 deals with the hydrolysis of lignocellulose biomass for the 
production of a single sugar solution and iignin residues. The whole hydrolysis is carried out 
in two stages (hemicellulose and cellulose) in a continuous reactor and has an L/S ratio of 
5:10 with a maximum output of 65%, and, due to the high L/S ratio, there is a complex heat- 
recovery system. This invention implements the whole process, since it carries out the pre- 
hydrolysis of hemicellulose in a batch-type reactor with an L/S ratio = 2 and has an output of 
100% (maximum utilization of raw material): recovery of cellulignin 80% and pre-hydrolysate 



wo 00/78446 PCT/BROO/00065 

20%. The recovery of heat takes place only when discharging the pre-hydrolysate, pre- 
heating the acidic solution and water in the boiler. 
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Table 2 - Basic Materials Used in the Manufacture of the Reactors 



MATERIALS 


ADVANTAGES 


DISADVANTAGES 


Structural 
materials 


Mo {C-1/2MO) carbon 
steel. Cr-(1 % Cr- Mo, 2 
Va Cr - 1Mo. 5 Cr-1Mo) 
steel, stainless (405, 410, 
304, 316, 321, 347. 309, 
310, steel resistant to heat 
(HH, HK. HP), monel, 
brass, bronze, aluminum, 
etc. 


■Low cost 
■Availability 

•Resistance to abrasion 
•Ease of manufacture 
•Mechanical resistance 
(strength) to medium tem- 
perature 
•Recyclable 
•Ductility 


-Low resistance to 
corrosion 


Metals resis- 
tant to corro- 
sion 


Cr-Mo (9Cr-y2 Mo), steel, 
mconel, incoloy. hastelloy, 
duplex allows, Fe-Si, 
stainless, ferritic, Ni (3*^ 
Ni, eta) steels, lead, Cu-NI 
(70/30, 90/10. etc.). re- 
fractory metals (Ti, Zr, Nb, 
Ta, W, Mo and their alloys) 
and proprietary alloys 


Medium and high resistance 

to corrosion 

•Availability 

-Resistance to abrasion 

Ease of manufacture 
■Mechanical resistance to 
high temperature 

Recyclable 

■Ductility (except for Fe-Si). 


-High cost 


Thermoplastic 
materials 


Teflon (260'*C), chlorinated 
polyester (121^0). polyvi- 
nylidene fluoride (121°C), 
polyvinylidene chloride 
(93**C). polypropylene PP 
(90**C). polyethylene PE 
(93°C), polyvinyl chloride - 
PVC (71*^0), chlorinated 
polyvinyl chloride and re- 
inforced PVC (99°C) 


•Low cost 

•Availability 

■Ease of manufacture 

•High resistance to corrosion 

•Recyclable 

•Ductility 


■Low resistance to 
abrasion 

•Low mechanical 
resistance (strength) 


Elastomers 


Natural rubber (66^C). 
ebonite (82°C), hypalon 
(93°C), neoprene (93°C), 
buthylic rubber (93**C), 
hycar (121°C), viton 
(204*'C). 


Low cost 

•Availability 

•Ease of manufacture 

■High resistance to corrosion 

-Ductility 


■ Low resistan ce to 

abrasion at medium 

temperature 

■Low mechanical 

resistance (strength) 

■Non-recyclable 


Reinforced 
heat cured 
plastics 


Glass fiber/polyester 
(93**C), asbestos/epoxy 
(149*^0), glass fiber 
glass/epoxy (149*C), as- 
bestos/fenolic (149°C). 
asbestos/furanic (149°C), 
glass fiber/furanic (93°C), 
carbon fiber/furanic (93°C)- 


■Availability 

•High resistance to corrosion 
Ease of manu^cture 
•High mechanical resistance 
(strength) 
-Ductility 


•High cost 

•Low resistance to 

abrasion 

•Non-recyclable 


Special non- 
metallic mate- 
rials 


Cement or concrete, rein- 
forced cement, antiacid 
refractories, graphite 
bricks, impermeable 
graphite, glasses and vitri- 
fication, wood and refracto- 
ries 


•Low cost 
■Availability 

•High resistance to abrasion 
-Ease of manufacture 
•High resistance to corrosion 
•Mechanical resistance to 
high temperature 


•Low mechanical 
resistance (strength) 
♦Fragility 
•Non-recyclable 
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Summary of the linvention 

This invention refers to an apparatus, more specifically a reactor or boiler, built 
with technology that enables use in highly corrosive environments. The new technology con- 
sists of inserting a vacuum between It outer coating, the "shell", and the inner coating, so as 

5 to utilize microbonded carbon steel in the shell and structure of the reactor, and special mate- 
rials, especially refractory metals (Ti, Zr. Nb. Ta. and their alloys) for the inner coating. The 
vacuum with the coating of refractory material further permits the use of high-resistance (750 
MPa) microbonded steel in the manufacture of the ultralight shell of the "egg-sheir-type re- 
actor, enabling oscillation at higher frequencies with higher homogenization of the product 

1 0 and shorter reaction time thereof. 

The satisfactory vacuum level is below 1mm of Hg (1,000 jum), so that the re- 
fractory metal coating will not suffer implosion, and so that it is possible to use a helium leak- 
age detector coupled between the reactor and the vacuum pump for detecting and measuring 
leakage through the microcracks of the welds. Leakage rates of 10*^ Ncm^/min indicate a 

15 satisfactory level and leakage rates 100 times higher (10'^ Ncm^/min) indicate the need for 
repair of the welding cracks or those developed during operation of the reactor. Another 
characteristic of the invention is the possibility of maintaining and maybe replacing the coat- 
ing of refractory metal altogether, with high aggregated value for recovery of these scrapped 
metals due to the carbon steel reactor's juxtaposed manufacture, maintained by the vacuum 

20 and without welding to the shell. 

The vacuum between the shell of the reactor and the coating maintains the 
thin coating of special metal juxtaposed to the steel shell, preventing the implosion of the re- 
actor, even when there is vacuum inside it, due to the condensation of steam and other 
causes. The use of vacuum, among other advantages, also permits continuous or intermittent 
25 detection of microleakage in the coating of the reactor by injecting helium gas into the reactor 
and detecting with a leak detector) in the vacuum pump. 

Due to this characteristic, this invention is called "failsafe-type reactor", by 
means of which one detects and measures microleakage in periods of days or months before 
the occurrence of leakage of corrosive liquids into the shell of the carbon steel. This charac- 
30 teristic enables one to use the reactor even with microfailures. and to program its repair or 
replacement after the industrial session or campaign has finished. One should note the sig- 
nificance of this characteristic of the invention for enabling one to use carbon steel in the re- 
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actor shell for high-corrosion applications, without which leakage and consequently acceler- 
ated corrosion of the microbonded carbon steel would not be identified. 

The apparatus of this invention, in being lighter than those of the prior art, 
permits oscillation during its hydrolysis process, which allows the limit-layer of the sugar- 
saturated liquid to be renewed on the surface of the biomass chips or particulate, thus bring- 
ing about a homogeneous product. Pre-hydrolysis coupled with oscillation and purging of 
steam will provide the characteristic of catalytic combustion of the cellulignin. 

Objectives of the invention 

One objective of the Invention is to provide the use of carbon steel in processes 
carried out in highly corrosive mediums. 

Another objective of this invention is to identify corrosion of carbon steel used in 

the reactor. 

Another objective of this invention is to prevent implosion of the reactor, even 
when there is a vacuum inside it. 

Another objective of this invention is to permit detection of leakage or even mi- 
croleakage in reactors. 

Another objective of this invention is to enable one to program periods of mainte- 
nance or repair of the reactor adequately. 

Another objective of this invention it to reduce the weight of the reactor and to en- 
able one to transport it to places where there are raw materials. 

Another objective of this invention is to reduce the costs of manufacturing the re- 
actor by virtue of the possibility of using cheaper materials. 

Another objective of this invention is to enable one to use a more resistant steel 
as shell/outer coating, so as to permit oscillation at higher frequencies, in order to better ho- 
mogenize the product and shorten its reaction time. 

Another objective of this invention is to meet the requirements of Resolution 
CONAMA No. 20 of June 18, 1986. published in the D.O.U. (Official Gazette) of July 30, 
1986, in washing waters, imparting to the invention totally ecological features. 
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Brief description of tiie figures 

Figure 1 shows a flowchart of the pre-hydrolysis of biomass with balance of 

mass. 

Figure 2^ shows an embodiment of the reactor in cross-section and its manufac- 

5 ture details. 

Figure 2b is a side view showing the placing of an embodiment of the reactor on a 
transporting cart. 

Figure 2c is a top view of an embodiment of the reactor with a feeder. 

Figure 2d is a rear view of an embodiment of the reactor on the transporting cart. 

10 Figure 2e is a front view of an embodiment of the reactor positioned on pillars in 

the biomass store with the celiulignin-untoading cart 

Figure 3 shows microphotos of cellulignin (pre-hydrolyzed eucalyptus), crystalline 
cellulose and globulized lignin. 

Figure 4 is a graph showing the average specific power irradiated during the 
1 5 combustion of a cellulignin particle. 

Figure 5 is a graph showing the electrical conductivity of the combustion plasma 
for gas, heavy oil, coal, tar, and cellulignin. 

Detailed description of the figures and of the characteristics of the invention 

The flowchart of biomass processing is shown in figure 1 , where the "failsafe type 
20 reactor" of this invention is the main equipment. In the processing of minerals, the steps are 
similar, only there is adaptation of the peripheral pieces of equipment and adjustment of the 
mass balance for each type of mineral. The flowchart is composed of the following steps: 

1 ) feeding platform - where the biomass (or mineral) is discharged and washing is 
carried out or not; 

25 2) helical feeder - responsible for feeding and compacting biomass in the reactor 

(this compaction is dispensable in the case of minerals); 
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3) reactor - main object of the invention, where the processes of biomass hy- 
drolysis, mineral digestion or any other chemical or thermochemical processes of any mate- 
rial are developed; 

4) heat-exchanger - having three function, namely: a) recovery of the heat while 
5 discharging the pre-hydroiysate, b) pre-heating of the acidic solution, and c) pre-heating of 

the steam-generating water in the boiler; 

5) tank or washing cart -where the cellulignin (or mineral) is washed to the de- 
sired extent, the pre-washing being recovered as pre-hydrolysate and the other washings 
being neutralized and treated in a stabilization pond prior to discharge into streams or for use 

10 in fertilization, etc.; 

6) tank of pre-hydrolysate, either stationary or installed on carts - storing of the 
first product; 

7) cellulignin or mineral dryer - drying of the second product; 

8) cellulignin or mineral grinder - grinding of the second product; 

15 9) silo, either stationary or installed on carts - storing of the second product. 

The invention defines a new technology of manufacturing chemical reactors for 
processes in highly corrosive environments. Figure 2 illustrates in detail a reactor built with 
the technology of this invention and, in addition, shows all the components of an ordinary 
reactor for better understanding. 

20 The conditions of internal corrosion of the reactor for different materials, tem- 

perature and acid content are given in Table 3, whence the following conclusions are drawn: 
1) due to its high corrosion rate, stainless steel can only be used at high temperatures for a 
very short period of time; 2) it is possible to use commercial-grade Ti for the conditions of pre- 
hydrolysis of biomass (T = 15° C, 1.5% H2S04, 0.62 MPa), since this is a reactive material 

25 and passivates with sugar generated by the hydrolysis itself; 3) for the conditions of total hy- 
drolysis of biomass (T = 190** C, 1.5% H2S04, 2.8 MPa) it is necessary to use NbTI alloys 
(example: Nb44%Ti) with a melting point T = 1,830® C permitting easier welding than pure 
Nb, which has a melting point of T = 2,500° C; 4) for the conditions of mineral digestion (T = 
150° C. 60% H2S04, P = 0.6 MPa), it is necessary to use Nb40%Ta alloy, the conrosion rate 
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of Which is in the order of 100 mm/year. Above 40% Ta. the alloys become expensive due to 
the need for using thantalite mineral instead of the columbite in the production of NbTa alloy. 

Table 3 - Corrosion Data for the Conditions of Pre-hydrolysis, Hydrolysis of 
Biomass and Mineral Digestion (mm/year) 





Biomass 


Mineral 








Pre-hydroly- 
sis 


Hydrolysis 


Mineral digestion 




T°C 

X% H SO, 

2 4 


100«C 
1% 


150OC 
1.5% 


190'»C 
2% 


143«C 
60% 


197''C 
80% 


Cost of 

material 

US$/kg 


SS 316 
Ti 

Hastelloy 
Nb 

Nb20%Ta 
Nb40%Ta 
Nb60%Ta 
Nb80%Ta 
Ta 


3,550 
2,500 
25 
0 

0 


00 

19.000 
4.5 

< 1 


oo 

oo 

250 
<25 

< 1 

< 1 


oo 
00 

> 5,000 

574 

367 

67 

22 

3.4 

0.1 


00 
00 

00 

31,761 

19,243 

4,093 

916 

275 

111 


8 

50 
40 
50 
50 
50 

3.200 

410 

500 


Ti 1% H^SO^ 
7.2% Wood 




100 











The details of figure 2 present the method of welding the refractory metal coating 
in situ and juxtaposed to the shell of the carbon steel reactor, without the former becoming 
molten or contaminating the refractory metal. Protections rings or plates of the same metal as 
the coating are placed on the welding of the parts and edges. The welding is carried out with 

10 plasma with inert-gas protection (helium or argon), guaranteeing interstice levels (C, O, N, H) 
within the norms of the initial material. As to the metallurgical characteristics, there is a 
growth of grains in the welded zones, decreasing the strength, mainly the fatigue strength. 
This decrease is acceptable, since the coating works in compression regime, and there is an 
increase in the coating in regions under traction regime. The construction of the reactor hav- 

15 ing a bipartite structure with a slight conicity at the cylindrical parts allows much of the weld- 
ing to be carried out outside the carbon steel shell and only the junctions of large parts and 
edges to be welded in situ. It is also possible to recover significant portions of the coating, in 
case it is necessary to replace it. by virtue of the ease of disassembling it. thus recovering 
part of its cost as scrap of high value. The special metals enable the use of other acids, in 

20 addition to H2S04 (HOI, HN03, etc.), provided that the effective pH is similar to the levels of 
the solutions of Table 3. 
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Another feature of this invention is the use of elastomer rings (voton, silicone, 
teflon, and others) having a circular or trapezoidal cross-section on all the covers, connec- 
tions and vacuum sealing in the coating. The sizing of the sealing rings follow standards of 
pressure and vacuum sealing. The type of ring is chosen in function of the temperature. 
5 When processing minerals or biomass, the temperature usually is around 200^ C, and the 
ring chosen is made of viton. On the other hand, for average temperatures, the ring should 
be of teflon/glass fiber/carbon fiber, the metallic one being most recommended for high tem- 
peratures. 

In addition to biomass and minerals, it is possible to process any type of material 
10 in the "failsafe type reactor" (polymerization, foodstuffs, medicaments, synthesis of products, 
etc.), provided that the conditions of corrosion of the coating are respected. In highly aggres- 
sive conditions, one uses Ta, either pure or doped with platinum, which are insuperable ma- 
terials compared with any other commercial material. For less aggressive conditions, the 
"failsafe" technique permits the use of lower quality noble coatings, mentioned in Table 2 
15 (stainless materials, nickel alloys, thermoplastics, elastomers, reinforced thermocured plastic, 
etc.), provided that the conditions of temperature, pressure, corrosion, abrasion, and strength 
of the material are respected. 

The external conditions of corrosion of carbon steel are more aggressive at the 
moment of discharge of the products (cellulignin, minerals, etc.). Steams were condensed at 
20 the moment of discharge, their pH was measured, and various steels painted with bituminous 
epoxy paint were tested. 

Table 4 gives the comparison of the costs/m^ of the reactors coated with Ti, Nb 
and monolithic made of stainless steel and hastelloy. In addition to the technical superiority, 
they have lower costs than the monolithic reactors. 

25 Table 4 - cost of the materials used in the construction of the reactor/m^ 



Coating Type 


Material 


Total 
Weight 


Price/kg 


Total Price 


Final Price 
R$/m' 


Titanium 


Steel plate 12 mm 


91 kg 


R$ 1,00 


R$ 91.00 


R$ 379,00 




Ti plate 2 mm 


9 kg 


R$ 32,00 


R$ 288,00 




Niobium 


12 mm steel plate 


91 kg 


R$ 1,00 


R$ 91,00 


R$ 1.21 1,00 




Nb plate 2 mm 


16 kg 


R$ 70,00 


R$ 1.120,00 




Stainless steel 


12 mm plate 


91 kg 


R$ 16,00 


R$ 1 .456,00 


R$ 1 .456,00 


Hastelloy 


12 mm plate 


91 kg 


R$ 32,00 


R$ 2.912,00 


R$ 2.912,00 
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The main characteristics of this invention are shown in figure 2, and Table 5 gives 
the caption of the parts and components of the reactor and of the feeder. 

The reactor body is composed of the cylindrical portion 1.1, cap 1.2, inlet nozzle 
1.3. inlet cover 1.4. conical sector 1.5, circular or radial sliding ring with wedges or pins 1.6, 

5 discharge cover with support of the wedge 1.7, valve connections, meters, accessories, etc. 
1.8, hinge 1.9. articulation and hydraulic cylinder for closing the cover 1.10. hydraulic cylinder 
for closing and opening the wedges 1.11. The bipartition of the reactor is Illustrated in detail 
A, which enables the assembly and disassembly of the special metal coating without welding 
or unwelding the steel shell of the reactor. For small reactors, the cover is displaced for bi- 

10 partition, the conical sector being eliminated (for very small reactors, the shell and the coating 
may be juxtaposed only by fitting, without the need for welding). The cylindrical body is 
slightly conical to facilitate the assembly and disassembly of the coating. The latter is welded, 
in great part, prior to the assembly, the parts shown in details A - F remaining to be welded 
within the reactor shell. This technology is fundamental to make possible the welding close to 

15 the steel body of the reactor (melting point of 1760**) of the special metals having a high 
melting point (1800** C - 3100** C), preventing the contamination thereof with Fe. The opening 
and closing of the cover is done by means of two hydraulic systems, the first one command- 
ing the internal-pressure support wedges of the reactor, maintaining the confinement pres- 
sure of the sealing ring (o-ring) of viton of the acidic solutions. This sealing ring supports for 

20 months or years the repetitive opening and closing during the operations. 

The tilting system is composed of structure 1.12, pivot 1.13, and hydraulic cylin- 
der 1.14. The latter is utilized to tip and shake the reactor during the operation of discharging 
the cellulignin, since it is a solid material. The horizontal motion system is composed of a cart 
1.15 and a hydraulic cylinder 1.16. Alternately, the reactor may be fixed and the feeder may 

25 be horizontally moved. The fixed structure 1.17 supports the reactor and the feeder, and 
thereby the reactor can be detached from the cart to the support pillars (see figure 2.d). The 
turning oscillation system is composed of chain 1.18 and a hydraulic motor 1.19 commanded 
by micro-switches 1.20, which revert the rotation at pre-determined angles. The security of 
the turning oscillation system is given by the length of the chain, which escapes from gear of 

30 the hydraulic motor if the micro-switches fail. 

The special metal coating 2.1 and 2.2 is made according to the details A - F. The 
main stresses on the coating occur on the inlet nozzle at the moment of loading of the reactor 
and on the cylindrical body, due to the movement of the turning oscillation system. The 
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Stresses are low, and the life time of the coating longer than ten years is determined by the 
fatigue failure. The sealings are made with an elastomer ring on the discharge cover 2.3. in 
the bipartition 2.4. between the coating and the reactor shell 2.5. The protection against the 
melting of the steel and the contamination of the refractory metal weld with Fe is done with 
5 sacrifice rings of refractory metal 2.6. 

The connections and valves of the reactor are intended for the entrance of water 
and acidic solution 3.1 . entrance of steam 3.2, exit of steam 3.3. vacuum in the reactor body 
3.4.1, in the conic sector 3.4.2. in the cover 3.4.3. discharge of the hydrolysate 3.5, valve for 
collecting pre-hydrolysate for analysis 3.6. The entrance of vapors is at the lower portion and 

10 they are distributed by a perforated tube. The entrance of liquid (water or acidic solution) is at 
the upper portion. Obviously, inlets for liquids and vapors do not present any problem of 
clogging. The steam outlet is at the upper portion through a perforated pipe, and the hydroly- 
sate discharge is located at the lower portion at the conic sector, which is protected by perfo- 
rated plate inside the reactor to avoid clogging. A sporadic steam return is foreseen on the 

1 5 plate and perforated tube for unclogging the steam outlet through a by-pass valve between 
the steam inlet and outlet, after the flexible tube for entrance of steam 3.7 and 3.8. Alterna- 
tively, one may use a rotary scraper for the perforated plates. The connections and valves 
are connected to the inlet supports of the flexible rotation tubes 4 by rigid pipes. 

The flexible rotation tubes 5 are constituted by various units: water and acidic 
20 solution inlet 5.1, steam inlet 5.2, steam outlet 5.3, vacuum 5.4 and others. The maximum 
rotation permitted is a = ± 45° C, so that no liquid will flow through the steam outlet. The level 
of the acidic solution is maintained below the water line (figure 2.d), so that no liquid will flow 
out. In case the steam outlet is below the liquid line, one resorts to electric commands of the 
steam outlet valve 3.3 for closing it, whenever the liquid limit line is exceeded. In general, 
25 these electric commands are unnecessary because the oscillating turn of 45° is sufficient to 
wet the whole biomass, homogenize the liquid and solid mass, and avoid preferred ways in 
the hydrolysis. The supports of the outlets of the flexible rotation tubes 6 are placed at the 
upper portion of the reactor. 

The intermediate piping 7 are constituted by the same components of the flexible 
30 rotation tubes 7.1 - 7.4 and interconnect the outlets of the flexible rotation tubes to the inlets 
of the flexible tilting tubes. 



The flexible tilting tubes 8 are constituted by the same components as the inter- 
mediate piping 8.1 - 8.4 and are designed for enabling one to tilt the reactor with its support 

15 
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Structure for discharging of the cellulignin. The outlet of the flexible tilting tubes are connected 
to the fixed piping 9.1 - 9.4. The latter connect the flexible tilting tubes to the set of valve 
pipes 9.5 installed on the control panel located beneath the feeder 16. 

The vacuum sensors 10 are constituted by four units: reactor body 10.1, conic 
5 sector 10.2, reactor cover 10.3, and the piping of the vacuum pump 10.4. The closing of the 
pertinent valves and the viewing of the vacuum drop enable one to determine a possible 
leakage in the special metal coating. 

The pressure gauge 11 is of the diaphragm type, in order to resist acidic medi- 
ums, and the temperature gauge 12 is protected by a protection shaft of the same material as 
10 the coating. 

The hydraulic system 13 drives the following units in this order hydraulic motor of 
the helical feeder 14.1, motion hydraulic cylinder 1.16. hydraulic cylinder of the closing cover 
1.10, hydraulic motor of the oscillating rotary system 1.19, hydraulic tilting cylinder 1.14, hy- 
draulic cylinders for opening the wedges 1.11. Please note that there is no simultaneity of any 
15 operation, the higher power prevailing, which is that of the hydraulic motor of the helical 
feeder 14.1. 

The feeder is composed of a hydraulic motor 14.1, a semi-axle of the propeller 
14.2, feeder propeller 14.3, feeder cradle 14.4, a conical feeder nozzle 14.5, and a coif 14.6. 
The feeder should fill the reactor in a period of 10 minutes. It is built of microbonded carbon 
20 steel, protected with bituminous epoxy paint. The space below the feeder is occupied by the 
control panel 16 (liquids, steams, meters, electric system, etc.), a hydraulic system 13, a vac- 
uum pump 15, a leakage detector 17, work tools and working devices, etc. 

The fixed structure of the reactor and the feeder accommodate in a standard cart 
with a platform located at 960 mm from the ground 18. maximum height of the lower equip- 
25 ment at 4.400 mm and within the road standards. The equipment is transported to biomass 
courts, where it is raised with hydraulic jacks and supported on beams and pillars at the de- 
sired processing height (figure 2.e). Alternatively, it can be operated on the transport cart 
itself. 

The complementary pieces of equipment of the reactor are: heat exchanger 19. 
30 water pressure pump 20.1 and acidic solution discharge 20.2. water deionizer 21, boiler 22, 
and support structure 23. The latter is transported on standard carts 1 8, elevated and sup- 
ported in the same way as the explained before. 

16 
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Table 5 - Key of the Reactor and Feeder Parts 
A - 1st Structure (1st cart) 

1 — reactor shell and structure 

1.1 - cylindrical body 

5 1.2 -cap 

1.3 -inlet nozzle 

1.4 - inlet cover 

1.4.1 —cover 

1 .4.2 — hydraulic cylinders 
10 1.5 — conical sector 

1.6 - sliding ring with wedges 

1.7 — discharge cover with support for the wedges 

1.8 — connections 

1.9 -hinge 

15 1.10 — articulation and hydraulic cylinder cover opener 

1/11 — hydraulic cylinder for closing/opening of wedges 

1.12 - tilting structure 

1.13 -tilting pivot 

1.14 — tilting hydraulic cylinder 
20 1.15 — movement cart 

1.16 — horizontal movement hydraulic cylinder 

1.17 — reactor and feeder fixed structure 

17 
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1.18 - chain of the oscillating rotary system 

1.19 - hydraulic motor of the oscillating rotary system 

1 .20 - micro switches 

2 - coating in metals and special alloys 
5 2.1 - body of the reactor 

2.2 - flanges 

2.3 - sealing ring of discharge cover (o-ring) 

2.4 - sealing ring of bipartition (o-ring) 

2.5 - vacuum sealing ring between shell and coating 

1 0 2.6 — Ti ring for protection against Fe contamination in 

the Ti weld 

3 - connections and valves of water, acidic solution, steam, 

vacuum, and pre-hydrolysate 
3.1 - inlet for water and acidic solution 

15 3.2 - inlet for steam 

3.3 — outlet for steam 

3.4 — vacuum 

3.4.1 - vacuum in the reactor body 

3.4.2 - vacuum in the conical sector 
20 3.4.3 - vacuum in the reactor cover 

3.4.4 - vacuum in the vacuum pump 

3.5 ~ discharge of pre-hydrolysate 
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- valve for collection of pre-hydrolysate for analysis 

- steam return valve in the perforated plate of the 
pre-hydrolysate discharge pip>e 

- steam return valve in the perforated tube of the steam outlet 

- entry support of the flexible rotation tubes 
- flexible rotation tubes 

-water and acidic solution inlet 

- steam inlet 

- steam outlet 

- vacuum 

- support for outlet of flexible tubes 

- intermediate piping 
-water and acidic solution inlet 

- steam inlet 

- steam inlet 

- vacuum 

- flexible tilting tubes 

- steam and acidic solution inlet 

- steam inlet 

- steam outlet 

- vacuum 

- piping and valves for water, acidic solution, steam and vacuum 

19 



wo 00/78446 PCT/BROO/00065 

9.1 -water and acidic solution inlet 

9.2 - steam inlet 

9.3 — steam outlet 

9.4 - vacuum 

9.5 - valve piping assembly 
10 -sensors 

10.1 - in the body of the reactor 

10.2 — in the conical sector 

10.3 - in the reactor cover 

1 0.4 — in the vacuum pump 



11- pressure gauge 

12- temperature gauge 

13- hydraulic systems 

14- feeder 



14.1 - hydraulic motor 

14.2 - propeller half-shaft 

14.3 - feeder propeller 

1 4.4 - cradle of the feeder 

14.5 - conical feeder nozzle 

14.6 -cap 

15 - vacuum pump 

16 - control panel (liquids, vapors, meters, electric systems, etc.) 
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17 - leakage detector 

18 - Cart - Capacity 30 t 

B - 2nd Structure (2nd cart - figures not included) 

19 - heat exchanger 

20- pressure pump (20.1) for water and acidic solution (20.2) 
21 - water deionizer 

22- boiler 

23- support structure for items 19 to 22 

Processing of Pre-Hydroiysis of Biomass and Resulting Products 

The pre-hydrolysis may be carried out in any type of biomass, such as wood, and 
sugar-cane bagasse and straw, vegetable residues, barks, grass, organic part of garbage, 
etc. The pre-hydrolysis process follows these steps: 

1- The biomass in minced form is discharged on the feeding platform, which may 
be constituted by a conveyer or inclined helical feeder, where it is washed in order to diminish 
the inorganic content (earth, ashes, etc.). 

2- The feeding platform unloads the biomass into the helical feeder, which fills the 
reactor until the beginning of the compacting, reaching the density of 300 kg/m3 (dry matter), 
which is three times the density of soft biomass (bagasse, straws, grass, vegetable residues, 
barks, organic part of garbage). The feeder remains coupled to the reactor during the filling 
operation, which lasts about 10 minutes. After the reactor has been filled. It is uncoupled from 
the feeder by a horizontal movement of the movable structure with respect to the fixed struc- 
ture. After the uncoupling, the inlet nozzle Is closed by a valve commanded by hydraulic cyl- 
inders. 

3- After the reactor has been filled, the degasifying operation begins by passing 
steam, flooding the reactor with a acidic solution (on the order of 1.7% of the biomass). pre- 
heated up to 80** 0 in the heat exchanger and in the liquid/solid ratio - L7S = 2, heating and 
pressurizing up to 160"* 0, 0.62 MPa. This activity has a duration of 10 minutes, and the heat 
of the escape steam is recovered in the heat exchanger by the acidic solution of the next re- 
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action. In order to carry out this recovery of heat, the heat exchanger is usually sized with 
twice the volume of acidic solution required for each reaction. 

4- After heating and pressurizing, the pre-hydrolysis is carried out for a period of 
30 minutes simultaneously with the rotary oscillation of the reactor and purge of steam, in 
order to maintain the temperature close to 160°C ±10**C, which is fundamental to obtain the 
characteristic of catalytic combustion of cellulignin. since the lower temperatures do not hy- 
drolyze completely the memicellulose and amorphous cellulose, and higher temperatures 
cause the transformation of crystalline cellulose into amorphous cellulose, thus making it dif- 
ficult to grind it into fine particles (f < 250mm). It should be noticed the importance of the 
flexible connections to maintain the temperature during the whole period of hydrolysis and the 
oscillation of the reactor to renew the limit layer of the liquid saturated with sugar on the sur- 
face of the chops or particles of biomass, optimizing the hydrolysis period by about 20 - 30 
minutes. The control of the pre-hydrolysis is made by accompanying the sugar content in the 
pre-hydrolysate by means of the refractometer or any other sugar-measuring apparatus up to 
the value of 9 Bricks. Longer periods of pre-hydrolysis result in a drop of the sugar content 
due to the decomposition of the xylose into furfural and furfurylic alcohol. The complete con- 
trol of temperature, pressure, acid content, oscillation (homogenization) and purity of steam 
permits complete optimization of the pre-hydrolysis process. 

5- After the pre-hydrolysis the operation of discharging the pre-hydrolysate (sugar 
solution) begins, which is directed to the stationary tank or tank-cart through the heat ex- 
changer, thus recovering its energy in the pre-heating of the acidic solution and in the boiler 
water. The recovery of the heat of the pre-hydrolysate from the escape steam (heating and 
purge), and the use of low liquid/solid ratio (L/S=2) allows one to reduce the consumption of 
energy of this invention to values lower than 6% of the energy contained in the original bio- 
mass. These values are significantly lower than in any other biomass processing, which in 
most cases are on the order of 30% {US=M ratio). The operation of discharge of the hy- 
drolysate lasts about 10 minutes. 

6- After the discharge of the pre-hydrolysate, the sugar-recovering washing is 
carried out in the proportion L/S = 1. aiming at a Brick ^ 5. This second fraction of the pre- 
hydrolysate may or may not be mixed in the first fraction (Bricks 9). In general, the first frac- 
tion should be intended for the production of furfural (highest possible concentration of 
sugar), and the second fraction for the production of alcohol (for example, by fermentation 
with engineered echehchia coli). Note that the second fraction contains 
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(5x1S)/(9x1.5S+5x1S) = 0.27 = 27% of the sugar contained in the two fractions and cannot 
be lost. Further, it should be noticed that the two fractions totalize (0.09x1 .53+0.05x1 S)/0.2S 
= 0.925 S = 92.5% of the sugar contained in the hemicellulose and amorphous cellulose. Due 
to the high recovery rate, there Is no need for complex and expensive utilization of the sugars 
from the washing water, that is discarded. This invention dispenses the use of expensive 
screw presses for extracting the pre-hydrolysate and recovering sugars. The sugar-recovery 
period is on the order of 10 minutes. 

7- After the recovery of sugar, the discharge of the cellulignin is effected by 
opening the large cover and tilting the reactor. The cellulignin may be discharged in me- 
chanical washers (conical, cylindrical, rotary tanks, etc.) or on carts to be washed by percola- 
tion (diffusion). The discharge is made in a few minutes and, together with the cleaning of the 
sealing rings and the recovery of the reactor in a discharging position, it takes less than 10 
minutes. The complete cycle lasts about 80 minutes, pemnitting 16 reactions per day, with a 
rate of utilization of the machine of 90%. 

8- The washing operations may be carried out in any type of washer. Preference 
is given to washing by percolation (diffusion) on carts or big-bags that present lower con- 
sumption of water, maintains the cellulignin protected from impurities and permits unloading 
on bulk carts. The washing waters meet the requirements of Resolution CONAMA No. 20 of 
June 18, 1986 (published in the D.O.U of July 30, 1996 (Brazilian OfRcial Gazette) and, in 
principle, they could be discarded in any water vein. With a view to imparting totally ecologi- 
cal characteristics to the invention, the washing waters are neutralized with lime milk and 
biologically treated with sterilization ponds. 

9- There are two washing options in this invention, namely with normal water and 
with deionized water. With the first water one obtains normal cellulignin with normal ash con- 
tent resulting from the inorganic materials present in the biomass and impurities from the en- 
vironment (mainly earth). The washing with deionized water aims at obtaining clean cellu- 
lignin to be used as fuel for gas turbines, the greatest requirement of which is the low content 
of K + Na < 5 ppm. The pre-hydrolysis process is a highly efficient process for reducing bio- 
mass ashes, where the inorganic materials react with the H2S04, resulting in soluble sulfates 
that are leached from the cellulignin in the pre-hydrolysis and in the washing processes. The 
use of deionized water increases the washing efficiency significantly, enabling the reduction 
of Na + K content down to the levels required in gas turbines. The use of deionized water in 
this invention is feasible and inexpensive, in view of the low US = 2 ratio. In the conventional 
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processes with a high consumption of water (US = 12) one has never considered the use of 
deionized water and, consequently, the use of cellulignin as a fuel for gas turbines. 

The biomass pre-hydrolysis process executed by the Failsafe-Type reactor gen- 
erates two products (two commodities): cellulignin and pre-hydrolysate. 

CELLULIGNIN 

As regards cellulignin, it should be noted that wood is composed of hemicellulose, 
cellulose and lignin disposed in microfibrillae. The objective of the pre-hydrolysis executed in 
the Failsafe-Type reactor is to digest the hemiceilulose and amorphous cellulose, leaving the 
cellulose intact in its crystalline form and the lignin in the globulized form. All these features 
have been achieved and shown in the microphotograph of figure 3. This microphotograph 
shows the fractal of the fibers of crystalline cellulose with the globulized cellulignin, where the 
empty spaces were occupied by the hemiceilulose and amorphous cellulose prior to the pre- 
hydrolysis. 

This result has the following characteristics: 

a) due to the complete control of the process parameters of the Failsafe-Type re- 
actor, the characteristics are uniform throughout the mass of the reactor, enabling the pro- 
duction of "homogeneous commodities". 

b) Due to the maintenance of the crystallinity, it is possible to grind the cellulignin 
into particles smaller than 250 mm in hammer grinders, pin grinders and the like, with a con- 
sumption of energy of 12 kWh/t, which applied to Bond's formula: W=10 Wi/=10Wi/ whence 
W = work in kWht/t, Wi = rate of work of the material, P= mesh size through which 80% of the 
product (in microns) passes, F= mesh size through which 80% of the feed material passes (in 
microns) results in Wi = 15, which is the same order of most mineral materials (that is to say, 
crystallines). The cost of the grinding energy is lower than US$ 1.00/t. 

c) Due to the high porosity, the cellulignin undergoes a dry by natural gravity to 
content of 50% of moisture, dispensing with expensive screws presses for this processing 
step. The final drying is made in rotary dryers, achieving moisture lower than 12% with the 
same consumption of energy of the drying of cereals (750 MJ/t), illustrated by the examples 
below: 
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C.1) drying of cellulignin: consumption of 0.4 kg/h of GLP (42 MJ/kg of calorific 
power) during 10 hours to dry 224 kg of cellulignin - (0.4x1 0x42)/0,224=750MJ/t cellulignin); 

C.2) drying of rice: consumption of 1/3 stere (cubic meter) of wood (396 kg/stere, 
10.5 MJ/kg of calorific power) to dry 30 sacks of rice a day, 60 kg/sack) - (0.33x396x10.5)71. 8 
=760 MJ/t rice. 

The cost of drying using noble fuels (wood - US $10-00/stere - US$1. 80/t of cellu- 
lignin or GLP - US$ 0.50/kg - US$ 9.00/t of cellulignin) is always very expensive, and so one 
should use residual heat at 125^C of the boilers. As a result, the drying and grinding should 
always be made close to the themnoelectric station or boiler, using residual heat; 

d) Due to the globulization of lignin. empty spaces are opened for attack of the 
cellulose by microorganisms of ruminant animals, and the cellulignin may be used as a vol- 
ume component of animal forage with digestibility of 58% comparable to high quality volume 
components (wet maize silage - 61%, alfalfa silage - 56%. grass forage - 56%. oat straw - 
44%, and much higher than the digestibility of natural grass (35%). 

e) The greatest application of cellulignin is as fuel for boiler, gas turbine and gen- 
eration of power by magnetohydrodynamics (MHD). Table 6 gives an example of application 
of cellulignin as fuel for boiler, as compared with fuel oil. The lower calorific power of cellu- 
lignin (20 MJ/kg), compared with that of the fuel oil (41 MJ/kg), is counterbalanced by its cost 
(US$ 40.00/t), which is 1/3 lower than that of oil (US$ 120.00/t). Although twice as much cel- 
lulignin is required, it is possible for one merely to replace the fuel oil in any type of boiler, 
since it is an oxygenated fuel (29% of 02) and requires insufflation of air with volumes close 
to that of the fuel oil. This means that any oil or gas boiler is capable of burning cellulignin, 
generating the same thermal power with adjusts on the order of 15% of the burners and air 
insufflators. The cellulignin produced with deionized water meets the requirements of clean 
fuel for burning in gas turbines with content of Na + K < 5 ppm. Although the clean cellulignin 
contains values < 15 ppm, these values are reduced by the cleaning cyclone. For particles 
smaller than 200 mm, the burning thereof is of the catalytic type, as shown in figure 4. This 
characteristic results from two factors, the first one being due to the large exposed surface (2 
m^/g measured by BET - Brunaur, Emmett and Tellen or the number of iodine 100), com- 
pared to the suri'ace of natural biomass (0.4 m^/g), and the second one being due to its 
grinding into fine particles (f < 250 mm), bringing about the entry of carburant oxygen and the 
exit of the monoxide in the pores of the cellulignin, without collision between the molecules, 
giving way to the catalytic combustion (size of cellulignin particle < average free way of the 
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carburant and gases from the combustion). All indicates that cellulignin Is the only solid cata- 
lytic fuel that can be produced on a large scale, its period of combustion (< 20 milliseconds) 
being on the same order as that of natural gas. Gas turbines also require total particulate 
content < 200 ppm and particulates bigger than 5 mm < 8 ppm. These characteristics are 

5 achieved by means of three techniques: complete combustion due to the catalytic character- 
istic of cellulignin. cyclone installed between the external combustor and the gas turbine and 
magnetic separator after the grinding of the cellulignin to remove the magnetic contamination 
originated from the grinders. Without magnetic separators, one reaches values < 50 ppm of 
total particulates and using magnetic separation one reaches the requirement of 8 ppm < 5 

10 mm. Due to the catalytic combustion, cellulignin is an excellent fuel for MHD, achieving high 
electric conductivity in the plasma of combustion at high temperature of 2727** C (3.000 K). 
Figure 5 shows the electric conductivity on the order of 70 S/m, compared with the values of 
15 S/m for purified mineral coal, 12 S/m for oil derived from petroleum and 8 S/m for natural 
gas. It should be noted that wood has carbon content of 48% and hydrogen content of 6%, 

15 giving a ratio of C/H = 8. The pre-hydrolysis raises the carbon content in cellulignin to 66% 
and lowers the H content to 4,3%, doubling the ratio C/H = 15. 



Table 6 - Comparison of Oil and Cellulignin Burning in a Conventional 

Boiler 



Project Data 


Projected pressure 

Maximum continuous steam flow - Gauge 
Maximum steam pressure — Gauge 
Steam temperature 
Feed water temperature 
Exhaust system 


7.4 Mpa 
67,000 kg/h 

6.5 Mpa 
485°C 
180«>C 
Balanced 


Fuel Data 


Composition (% by weight) 


Oil 

(APF-AI) 


Cellulignin 






Nomiai <'> 


Clean <"> 


Carbon 
Hydrogen 
Sulphur 
Nitrogen 


87.04 
11.12 
0.04 
0.30 


66.20 

4.30 

0.10 


66.30 

4.30 

<0.01 


Oxygen 
Ashes 

Higher calorific power 
Lower calorific power 


1.50 

43.7 
41.2 


29.30 
0.10 
20.7 
19.8 


29.40 

< 15 (Na+K) 

20.7 

19.8 


(a)Produced with non-deionized wa 
(c) Values in ppm. 


ten (b) Produced with deionized water; 



26 



wo 00/78446 



PCT/BROO/00065 



Cont. Table 6 



Fuel Data 


Fuel 


Oil 


Cellulignin <"> 


Maximum continuous evaporation rate (i<g/h) 


67.000 


60.300 


Steam pressure gauge (Mpa) 


6.5 


6.5 


Steam temperature (°C) 


485 


485 


Feed water temperature {°C) 


180 


180 


Gas temperature at the pre-heater outlet C*C) 


180 


200 


Room temperature of the air (^C) 


25 


25 


Main fuel flow (kg/h) 


4.687 


8,770 


Auxiliary fuel flow of (kg/h) 




186 


Air flow (kg/h) 


73,800 


84,710 


Gas flow (kg/h) 


84.040 


100,000 


Excess air in the combustion (%) 


20 


13/30^<' 


Efficiency (Base PCI) (%) 


90.7 


86.5 


(d) Normal; (e) Natural gas ordiesel oil; (f) 13% for cellulignin, 30% for the support 



Table 7 - main inorganic impurities of the eucalyptus and pre-hydrolisate 



mg/g 


Ca 


K 


Na 


Mg 


P 


Al 


Si 


Mn 


Fe 


Zn 


S 


Eucalyptus 


700 


250 




150 


100 


50 


30 


10 


8 


3 


70 


Clean cellu- 
lignin 


1 


15 




80 


2 


40 


100 


2 


8 




80 


Pre- 

hydrolysate 


280 


420 


80 


160 


90 


15 


30 


25 


40 


5 


2.500 



This result is highly significant, since figure 5 shows that the electric conductivity 
is very low for low values of C/H, and increases significantly up to C/H = 15. saturating from 
now onwards. During the combustion, the hydrogen forms the hydroxyl OH', which has a 
shock section of 400 A for the electron in the combustion plasma, decreasing its electric con- 
ductivity and failing to influence its value to content lower than 3% of H. 



f) In addition to the applications as fuel and volume component for animal forage, 
cellulignin has various applications in the following areas: pyrolysis for the production of oils 
and activated coal, production of carbon black (incomplete combustion), production of 
methanol, cellulignin resinates (agglomerates, MDF - Medium Density Fiber), substrate for 
semi-solid fermentation (fungi, bacteria and enzymes), etc. 



PRE-HYDROLYSATE 



The pre-hydrolysate is a solution of sugars containing xylose (80%), glucose, 

mamose, galactose, arabinose. acetylics, uranic acids, etc. In addition to the sugars, it con- 
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tains sulfuric acid added in the pre-hydrolysis process and inorganic impurities given in Table 
7. The high control of process of the Failsafe-Type reactor allows one to carry out a virtually 
perfect pre-hydrolysis, permitting the digestion of all the products that are easily hydrolyzable, 
while preventing the decomposition of the sugars due to the low temperature of the process 

5 (160° C). The content of soluble sugars (Bricks) is follow minute by minute, and the process 
is discontinued (beginning of the discharge, depressurization, cooling) as soon as the Bricks 
passes by a maximum. The low US ratio = 2 allows one to achieve sugars content on the 
order of 10 Bricks similar to other broths (cane, maize, etc.)- The pre-hydrolysate in general 
has pH = 1. The recovery of sugars (type of washing with US = 1) generates a pre- 

10 hydrolysate with Bricks on the order of 5 an pH = 1.5, which may be mixed with the former or 
not. for further processing. 

The pre-hydrolysate has three main applications: production of furfural by the 
two-state technique (dehydration of pentoses), production of ethanol {engineered echehchia 
coli bacterium) and production of xylltol (catalytic hydrogenation of D. xylose). 

15 It should be understood that the example of reactor described together with the 

values mentioned are only illustrative and does not limit the protection scope of the invention. 
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Claims 



1. An apparatus for pre-hydroiysis of biomass comprising: 

- an external coating (1), 

- an internal coating (2). the internal coating (2) covering the inside of the external 

coating (1); 

- there being a space between the internal coating (2) and the external coating 
(1), said apparatus being characterized in that vacuum (3.4) is produced in the space be- 
tween the internal coating (2) and the external coating (1). 

2. An apparatus according to claim 1, characterized in that it includes an oscilla- 
tion mechanism. 

3. An apparatus according to claim 2, characterized in that the oscillation mecha- 
nism enables the apparatus to oscillate around its horizontally arranged axis. 

4. An apparatus according to claim 3, characterized in that the oscillation mecha- 
nism permits oscillation in an alternate way at equal intervals. 

5. An apparatus according to claim 1 , characterized in that the vacuum produced 
is below 1mm of Hg. 

6. An apparatus according to claim 1, characterized in that it is a reactor. 

7. An apparatus according to any one of claims 1-6, characterized in that the 
external coating (1) and the internal coating (2) are made of corrosion resistant material. 

8. An apparatus according to any one of claims 1, 6 or 7. characterized in that its 
extemal coating (1) and intemal coating (2) are made of microbonded carbon steel and re- 
fractory material, respectively. 

9. An apparatus according to any one of claims 1, 6, 7 or 8, characterized in that 
the external coating (1) and the internal coating (2) are mounted by simple juxtaposition, free 
from welding. 
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10. An apparatus according to any one of claims 1-9, characterized by compris- 
ing devices for detecting and monitoring tlie vacuum between the external coating (1) and the 
internal coating (2). 

11. An apparatus according to claim 10, characterized in that the detection and 
5 monitoring devices detect vacuum microleakage, so as to enable one to detect microcracks 

in the internal coating (2). 

12. An apparatus according to any one of claims 10 or 11, characterized in that 
the detection of microcracks is made in a continuous way. 

13. An apparatus according to any one of claims 10-12. characterized in that 
10 helium gas is introduced into the reactor for detection of microcracks in the internal coating. 

14. An apparatus according to any one of claims 7-10, characterized in that the 
microleakage detectors are coupled to the vacuum pump (15). 

15. A biomass pre-hydrolysis process comprising the following steps: 

- discharging of the biomass into the helical feeder; 

15 - starting, in the biomass pre-hydrolysis device, the operation of pressurization, 

which comprises the following steps: 

b.1) flooding the biomass pre-hydrolysis device with a pre-heated acidic solution; 
b.2) heating; and b,3) pressurizing; 

c) said process being characterized in that the pre-hydrolysis is carried out si- 
20 multaneously with the rotary oscillation of the biomass pre-hydrolysis apparatus, purging of 

the steam and controlling of temperature, pressure, acid content, time of pre-hydrolysis, and 
liquid/solid ratio; 

d) accompanying the sugar content up to a value close to 1 0 bricks by means of 
a sugar meter; 

25 e) discharging the pre-hydrolysate in the tank through the heat exchanger; 

f) sugar-recovery washing; and 
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g) discharging the celiulignin into mechanical washers or carts to be washed by 

percolation. 

16. A process according to claim 15, characterized in that the filling of the bio- 
mass pre-hydrolysis device is carried out by compacting the biomass in the pre-hydrolysis 

5 device. 

17. A process according to claims 15 or 16, characterized in that the purging of 
steam from the pre-hydrolysis device maintains the temperature around 150** C - 170** C. 

18. A process according to any one of claims 15, 16, or 17. characterized in that 
the purging of steam from the pre-hydrolysis device maintains the temperature preferably 

10 around 106** C. 

19. A process according to any one of claims 15-18, characterized in that the 
pre-hydrolysis is effected during about 30 minutes simultaneously with oscillation and purging 
of steam. 

20. A process according to claim 1 5, characterized in that the feeding of biomass 
15 is carried out on the feeding platform, constituted by an inclined helical conveyor 

21. A process according to claim 15, characterized in that the filling of the bio- 
mass pre-hydrolysis device is carried out by the helical feeder as far as the start of compac- 
tion, so as to achieve a density around 300 kg/m^. 

22. A process according to claim 15, characterized in that the flooding of the bio- 
20 mass pre-hydrolysis device is made with an acidic solution corresponding to 1 .7% of the 

biomass, is pre-heated up to approximately 80° C in the heat exchanger and in the liq- 
uid/solid ratio = 2 with heating between 150*^ C and 170°C, preferably 160**C and pressuriza- 
tion of about 0.62 MPa. 

23. A process according to claim 15. characterized in that the heat of the escape 
25 steam in the degasing is recovered in the heat exchanger by the acidic solution of the follow- 
ing reaction. 

24. A process according to claim 15, characterized by the use of filtered water in 
the process for producing normal celiulignin and deionized water in the process for producing 
clean celiulignin. 
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25. A process according to claim 15, characterized in that the washing waters 
meet the specifications of fresh waters and may be discarded in any water stream. 
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(57) Abstract: This invenuon refers 
to an apparatus for the processing of 
pre-hydrolysis of biomass, particularly 
a reactor of the failsafe type, either 
mobile or not, which may be 
manufactured of rmcrobonded carbon 
steel and coated with special materials 
(refractory metals, superalloys, 
stainless matenais, plastics, etc.). 
The insertion of vacuum between the 
shell of the reactor and its coaung 
prevents its implosion and permits 
the detection of leakage with helium 
gas. The resistance to corrosion of 
the refractory metals enables carrying 
oui of pre-hydrolysis and mineral 
digesuon. In the process of this 
invention. biomass is compacted 
at 300 kg/m^ by a helical feeder, 
degased, flooded, heated, stirred, 
pre-hydrolyzed, the sugar being 
recovered at a first washing withm the 
reactor with values higher than 90 %. 

The low liquid/solid rauo = 2 enables one to achieve sugar content of 10 bncks in the pre-hydrolysate and a consumption of 6 % of 
the energy conLained in the processed biomass. The pre-hydrolysate is constituted by solutions of xylose and others arui is intended 
for the production of furfural, alcohol and xylitol. The control of the process enables one to produce celluhgrun with a high sp>ecific 
surface. 2 m-/g (measured by BET), compared with the value of 0.4 m-/g of non-hydrolyzed biomass, maintain crystallinity of the 
cellulose fibers, aiming at gnnding it into fine particles (f<)250 mm), globulizing the lignin, exposing the cellulose to attacks by 
microorgamsms from cud of ruminants, fungi, bactena or enzymes in microbiological or enzymatic fermentauon. The catalytic 
combustion due to the large specific suriace results in a new fuel for boilers, combusiors in general and MHD when produced with 
filtered water, and for gas turbines when produced with deionized water. 




wo 00/78446 



PCT/BROO/00065 



1 / 6 



1- Feeding 
platform 



Biomass (1TBS) 



2-Feeder 
60 kW 



Steam (gst) 



Sugar recovery 



water (1t) 



Biomass (1TBS) 



3-Reactor 



^ Solution water 1.7% h^so^ (2t ) 



Wiater 



1« washing (2t) 



y washing (2t) 



y washing(2t> 



Sugar recovery (it) 



Retum steam (o^de steam) 



Original pre-hidrolysate(i.7t de Ph) 



Wet ceiluiignin 
(o,8t a i-o^si watery 



5- Washing tank 
or cart 



Air 



Steam(O^) 



1* washing(2t)- Recycling ^ 



y washing (21) 



3> washing! Fertilization (2y 



Ceiluiignin 
(o^tci-^o^t Water) 



7-Dryer 
66 kW 



Air + steam (0,75t water) 



Ceiluiignin 
(o,8ta) 



8- Grinder 
75 kW 



Ceiluiignin powder 




Water (2t) 



9- Silo cart 



6- Pre-hidrolysate 
tank 



FIG. 1 



wo 00/78446 



2/6 



PCT/BROO/00065 



Detail A Detail B Detail C Detail D 




FIG. 2a 



;i. fi :n ? f 



wo 00/78446 PCT/BROO/00065 

4/6 





wo 00/78446 



5 / 6 



PCT/BROO/00065 




wo 00/78446 



6/6 



PCT/BROO/00065 



O <A 

o ^ 

a> CO 

CL V- 

®:§ 

<1> CD 

5S 



4.0 



3.0 



2.0 



1.0 



0.0 



0.0 



Catalytic combustion 



I 



0^ 



0.4 



Carbonization 
< — 



J. 



I 



0.6 



0.8 



1.0 



Characteristic diameter ( nun ) 

FIG. 4 



76 



u 

3 
T3 
C 
O 

O 



72 - 



68 _ 



20 - 



16 - 



12 - 



08 - 



Ceiiuiignin 




Coal 
type SS 



contentio%^ Coal tar 
Type B 




i%.Ash content 

10% 

20% ,_, 

Heavy oil 



30% 
40% 

-Coal type B 
-I « 



10 



20 



30 



40 



50 



60 



Ratio (C/H) 



FIG. 5 



ENV POR:D S B I M 



; 8- 5; 2 ; 12:31 ; DA^I^IEM^•§tp^SHS§ "i^,!;^^ 



V : : Decimation M 

United States iP|9fem Appttc^^^ 

l"WUfV« 1 wo the WiftSiM, IW*! ajtuUi iaU iovvi^lAr ^^y, onf, nmjr if m^i^ *<<&w> or ati oir|igMv>l> fim niid , 
' ':io\^:^)niti^ iff ^tntn^ mmcr ♦r* Utt*^ b^hiw^ 'f ttk^mA ilMiller vUih I^' cUiff c'd *nd for which « fmtt:st , 



1i ,.Jjif;:SG|| a!Ci[1^ j2;' ^3 

pNlWb STATES »DW.I I 

Canvcfliton^ Nan copv^ntjcin 



._ ■ the specification of wljich 

and (if applicable) 
2QQ9 artd (if applicable) 



. 39 . was filed tjp Oeceffvbjsr 3^9i^2Q0l is U.S. Appli^atidn Serial No..- ; f -,• , , 

1 jick0i?wkde^ the duty (9 4Me«c inroniMi^ii yfWk. ^ m«l«rtal lo lb* c:««iiiiiNw4 oT this MppUcsttvv In ««ttM;d»ac« Wilb TlOc 37, Ccwle tif Federtt) 

X hEr«l*y iUW IcrqtjtKi prioriij hmefHs undcF tltlv ii;, lJis*t«l SiMiw Cftde^ ^M^.of Hfljr foreisiLaiid.PCF ^p^^i^'t |»»uiil o*- i|ivt4iior*i certCftcaU 













BE ■ 


23 June 1999 J 
23 Juna 2 pop 





I jbe^lf7 tUikih ih« bCQefHWcr t;&Ie l^il Co^» JPO of w qnlu^^^s opiill^i^UoDU) PCT ItfAtri|^ti«^ A|^plicflti«|(f) Mctf In tlii$ 
>^^^ pi^v^«^hy jhft fim t,»4:M»«rMlgf ijtHfc W u» 4idMe,mt>«f^,tt|l^^ iMtp>d la Title 



. I 'hif«l)y oupplfii % f<kQi^wii^ AttiMiieys Mi proflccute.^ apphoptUin tact'to irmsacl ^ >V$u^ th th«>atem and TrafUnark OVfWr* «oiiae^t«i) 
ai«T«witli; >l0tt|ih A^tHQi^^ (17^^ Ro^jrllQ.-^ V<a^ Mkha'«l A, Maldxcb (3^<3) . 9*n»anl A* 

, -1 i aioqi%'H«lei^ M..M^ JF, Hnitchfaikia <34tPl) > t; B^pa Stover <34mi;Tli9rai»t* Ev4iiwPS^ 

' • S^iifl ^co^manll^ ft^vtaiirfy^r IfeCr andL W<j l<g h»r <fc Voupy. SuHt HOP, W» M a»rwrt, Wi»<togton, D.C. Z<N>3<. VWc4iulitf may h* 

: 

: 1 ]i«r«h^.dec]lai« «9i' ft^i^'e^ 

: :tm: ijniil fi^btr thdit tli«kc sljitfita^efiU w*<«'mAilit iirltb.fhe,laK»wi«d^e tjl^t wiilfiid ft^n gUi^ti^vpii ai»d: th« ttbe » made fir« tmidiffaiahlc 4>j f1i»e or 
: . . iju^^iii^^^ «r hgtht.iimlw .^M jl^. tU^ >8 «f th« United Statu Cmic and that «tf(eh "^HUftit ci»Uf'¥taiie«niHyU«4iy:|c«|» tb« yalidiiiy of the 

I - ■<^: fmtm!^ Qf able Qt. JSfJii ijnvqmor: DALT^ftQ gARCJA PXNATOI CitiJtefishipi Br 111 an 

' . k^fiidihije; couiiiry); Ijorgs^ i S aiq Paul6 , Br aa il B R:?^; 

caaa 1, Vila .Zelia 

hOT/ima:, Paulo, pra;2^il ^ ^ w 



2. '- . o <s. 



Brazilian 



FuU nantc of stx^ GUEpgS SPARES Ciiwiuhip: 

jaciii(J^{:i (ciiyl ttaf^, cmfwy): Mogl Mir iam^ S ao M?aU io ^ Br az H s ^ex^ 

Pqitoifllcc atWiM^^ Castro Jpivjueira, 117^ Mir ante 

ia, SSo J*aiUlO, Brazil. * yi ^ 



Signature 





jond. it^mitiitrtifQr third <mJ suhset/j^^/oiMiriviniors.) 



